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€> Eiactronte tfatufiatora-axpfociar ayatam for Moh-fiaBabla alappad datonatloru 

@ This Invmifon rvlalaa to an axploder datonatDr unit oapabla of alaotronlcelly aeciuandng a blaai. Tha 
axplodar - - oqiipmant of Iho unit wMch Is doacrlbad la intancled tQ -dlract tha aoqplotflon aaquenca of several 
electronically -^layod datonatora connactad In paraliat or eedee via a bffilar Una that thua parmltQ a simpler 
eonneotlon, and laada to handling at low riak voltage and current; h - - addhion allovHng almultaneoua 
cpnnaetlDn of aa¥aral hundred daton a tpr a at tha aafna tImaL Tha procaaa, aa fer aa the final datonatfon. la 
implemented In atagae which mvofva apadfic actfona by tha uaar and induda aaMy and corM oodaa In aaoh 
of them. Provision la made In lha praaent Invention that, K ttia connection control ayatam glvea a poettlve 
raeponae, a diange In tha aafety voltage to that of detonation Is produced, a signal is acflvated and the final 
stage la proceeded to. whatfior of detonation or of diaarmlng. In tha praaent InvenHon, 4ia detonator alemant has 
a protection against any undaslrad alectrlcal phenomenon, using awftchaa that ahort*clroult and laolatB the 
reatotlvie alemant or Igniter. In addHfon to all thlOt both tha axploder olemant as wai aa lha detonator element <- - 
possesa. In the praaant invenDon, a system for detecting the cofract functioning aa weO as tha connection of 
aadi detonator situated In the blast. Thosa datonatora are - - rwpons&^ma programmablei a programming 
whhsh can t>e ""aff€ctad from the expfodar Itself. 
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BuscmONie exnoon mtonatoh avsmi pon hoh reuabuty phamd detonation 



Background 

The most dgnfficairt ben^ «nd advantsgoB ol the syalam whleh ie iho subidot of (to pi^e«nt 
InvonBoh a* agalmt conventional blasting eysteme «ra: 
6 - Ro»Wot9d oxpkxler handling, by mwna of eaafety-e^^ 

- Posalblllty of fault tfelootfon in any one of tha ddionatore before aoiivattng firing. 

- Tho eystem Incorporetaa a toat proeoduro which guarantaea the datacHon of tha poaaibia IBllura of a 
dafpnator baoauaa of a deficiency !n Ihe oonnecflon. 

• PoaaibiBty of tamporizlng lha acUvAtlon of 90veral detonators. 
10 * Use of a eafaty key which pravn»n1a the dotonalor being acthraiad by any direct or aMamating current 
source. If it has not pravloualy received tha coded elactranic loay. 

- Tha eyatem ueee a power baok up eiament of email dimanalona which maifBa K poaofla to achlava a 
very email aiza for tha datonatpr drouit 

^loder detonator ayatema of eleeironlc type are daacr&ad In the atata of tha art. 
15 in parflcular, In Spanish Patent No. 336.930 and In US Patent 4^,437. eyatame of thie type are 
deecHbad. in neither of them does there appear included a Icay^da guidance contrgi aystam for the 
detonators, which allow [ale] their compketa tdarriMcatfon In ttia line of filing, whioh reproaenta one of the 
main elamanta of the preaent Invention. Likewtoe» neither does there appear envissQed In the patients 
any additional aafety aystsm In the handling, uaing relaya that would iaolata tha raalallva 
20 element, which la now envisaged In the present Invention. 



Descriptlor) of the in vantfon 

Ttie two baalo perta of tha exploder aqulpmant i=lg. 1 are: an analog voltage and currant generation and 
25 control part, go/vemed by another digital control part, Implamanted by a mlcroproceaaor with bulIMn 
memory, which dlnx;ta the procaaa and aan^loos tha keyboard and tndlcatora. Thia second control part also 
genaratas the commonda whl^ ore transmttted^ by maena of modulation of the line voltage, to the 
detonatora. 

Fbr greeleat ease of Interactfon In the expiosion aequanoa. tha control data are Introdueed via a numarie 
JO keyboard and specific test keys, arming and detonation, aoconilng to the particular Information which 
continuouaiy appeara on tha alphanumarfc display deafgned for said purpose. 

As a first stage, once the exploder is ir^allzed, It requests the introduction thnMigh the numeric 
keyboard of an acceae code of several fixed and user-programmabie digits, allowing accaaa to the 
deAonation procaaa if aaid code Is correctiy introduced. Acceptance of ttie keys, tn thIe case and In all those 
99 mentioned below. Is eftectad uamg a llitering procedura which elfimlnatae posdttle enroneoua Imerpreiaftofta 
of commands. 

Once the acoeea oontroi stage is passed, the detonator line test stage la proceeded to« In this, the 
exploder requaata actuatton of the test key, ftom which moment ft awalta a response fvom the line continulv 
and oonnectlon oontroi system, with the elm of maodmlzing the leliablDty of detonation off the oompMa 

40 ayatem. Una continuity can be ensured using a loop therewith, connecting It up to a aafMy voitaoe and 
chocking the voltage in the return end Fig. 1 (5). Thia safety vottage la unable to set off the final ignition 
element, even in the event of ail the esdafing means of protacdon falUng. and ta modified only in the final 
stage of the proceduiB. Ukewtsa. tha conrect connectton and ftincttonlng of the datonatara Involved In the 
blast Is ensured by trsfismittlng an encrypted coda which, on being accepted by the detonatora, givea rtae 

45 to the momentery discorsiectlon theraof from the line, involving a zero current oonaumption in the latter. 
Using a oumant senaor Rg. 1 (6) said dahim is chacked which, together with tha checking datum of the 
stated voltsga, givea rise to the taat re^^onsa. 

TIM pcs^ble identlffcatlon, by means of codified response, of all 6ie detonators and racogniiton thereof 
on the part of the exploder control unit is also envisaged, the transmitted code, inere aa elsewhere, la sent 

60 encrypted, with added unite of information for itte receptton control, in backup mode and uaing a PDi^ 
transmiaslon, whether carried tyy F8K modulBtion or not Taking Into account that the informatian la 
transmitted atang the same Hne that canfaa the suf^ voitage, this modulation pffivkles good Immunity to 
eiedrfcal nofse at the same time oa, choosing a low duty ratio, giving rfae to a minimum energy storage for 
the maintenance of the supply to the oontroi unit of the detonator. Being a traramisston with buiit In 
synchronism In the data themselves, for greaser aacuifty. aynchroniz^tfon Is effemd In each datum sent by 
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IncorporaHrtg Afix»d synchronbdng datum in front thereof. 

]f the tBst givda k positive rosult, as has alrsady baen mantionad» tha datonator armrng ataga la 
proceaded to. In Ma, tha aocplodar raquaatB tha Introduction of tha bsBlc delay unft via the numeric 
keyboard, and tha dapreaalon of tha anning key. The baste delay unit !a a numbor between 5 and 89. which 
0 will be tha period. In mlNsaconda, of Iho ttmo edUustment pulaaa which wtii ba sent by the exploder to the 
dstonatoiB: said time multlpBed by the particular numbsr for each detonator (batween 0 and 2". with n 
ranging between 4 and 8) wlil be the deflnltlva delay time thamof. ft should be noted that the praelalon of 
aald time dapanda on that of the master oactllalor (Included In the conUol circuit) e)datlng In the exploder, 
and not on that of the low predalon oadllatora of tha datonatora (Included In the control cireult of the tatter). 

TO Once a valid delay unit ia Introduced, Its value remaina on dl^y and depression of the arming key la 
enabled. Onoe tha depraaalon of aakl key ia accepted, a long encrypted key coda la sent which, If 
raoognlxed by the detoralora, poaltlona them in temporal adJuaiment mode of their parKouiar delay time. 

At that moment the exploder tranamlti 2" pulaea of period equal to that of the baalc delay ur4t In order 
to eflect the stated tan^Mral adluatment Once said pulses are tranamlttsd, with <v without the prior 

rs transmlsaion of an encrypted, arming check code, the detonators can execute a momantBry disconnection 
action. If the connectkm control system gtves a nagatlvd iiaaponae. Indicating that the key coda has not 
taeen recognized or that the time unite contained abnonnfiai varlatkyta, the whoia arming procedure Is 
automadoally repealad. if fhia second procedure also gives a negativie reautt; the e»q;>loder aenda an 
encrypted and modulated detonator disarming code, ralnlttallztng the procedure at the teat stage. 

80 If tha oonnectlDn confrol aystom gives a posHive reaponae, the change from safety voltage to that of 
dafonafion la produoed. a algnal is activated, and tha final stage of disarming or detonation la proceeded to. 
In this, the eiqplodar roquaata the actuation of the cBaamting key or of the detonation key* If the disarming 
key la depnssaed, an encrypted and modulated backup code Is sent which rainWdHxes the procedura, the 
exploder aubaequentiy remaining posltksned in the stags prevbue to the test and the total eyatem In a 

SB poaitian to be shut down or roacth/ated. By contrast If the dMsnatlon key la deprsBsed. an encrypted and 
modulated b^kup code la transmmed, initlalidng the detonator temportsation preoedura. After a few 
ntoments, the explodar rabiffiaHzea and remains prapaiBd for a new procadura 

Regarding the energy source, the eiqoloder ia auppOad by a rachargaable battery Rg. 1 ^» provided 
wHh a charger Fig. 1 (7) wMch may ba connected to tha malna power aupply. The (wo dlRerent levele of 

ao supply vohsge already mentioned are obtained from thle battery, by means of linear or switched sourceo of 
supply Rg. 1 (8) and (9), which converge tn a single common output through a gate coneisttng of power 
diodes Rg. i (10), whksh aiwaya aHowa the highaat avallabie voltage to paaa 

The supply source of loweat voltage repreaenta the safety level for the detonatora and la permanently 
connected to the output By oontraet that of highest voltage, whtoh rapreaente the level sufRdent for 

as detonation, defhws output under the control of tha controJ unit Therefore, as long es the order tor the 
detonation voltBge supply doee not appear, the safety voltage appeeia m tha output being ^placed by that 
of detonation when the control unft raquesia It acoordlng to the procedure alraady deacribed* Both aoufcea 
allow for the connection of mora then 600 detonatora. 

A thind linear aupply aouroe Rg. 1 (11) pmvldea the voltage neceeeary fbr the operatfon of the oorttial 

40 imit 

On the other hand, an alarm cimuit Rg. 1 (12) supplies an indk»tion tc the control unit when battery 
vollBge rails below a certain minimum level. At that moment the eocpkader ffacea an Indicatlm at?out the 
ahuation on the dtaplay and Inhibits its operation, thus praventlno tha attempt Id effect a detonatfon 
manoeuvre wtth^ the availability of the neoeaaary energy. 

48 After tha stated gate le placed a two-position electnonlc swHoh Rg. 1 (13) cepable of disconnecting the 
output of the e^g^loder, which a) rest remaina connected, and connecting ft to aarth (opposite pole) 
according to the commands received firom the control drcuft with the aim of transmitting near zero signal 
pulses to the Bne. The connection to earth during the piises, raUier than almple opening^ allows 
improvement of the qual^ thereof, avoiding the picking up of eieoMoal nolae. ihls avirttch la operative 

so whatever the ou^veHage. 

negardh^g the detonafebr Rg. 2 of the unit described, it Is designed to be adaptable to the control 
sequence wMch is desc^bed for the exploder, t^ means of its parallel exdtBtfon by a constvrt voitage 
source. Its physical Implementation la In tha form of a hybHd circuit and ft Is poaltforted In a housing with 
elmiiar external appearance to that of conventfond detonation eiementa. It contains two dlsdnct parts: one 

as analog part for line handling and energy control, governed by amtfter d^ital contrai part anatyadng and 
OMecuting the commands rsoelved* 

wnh tha aim of achieving the smaU size required for the whole detonator circuit surface-mounthig 
elements and a laige-ecale integration circuitry are used, without erwapsiiatfon. and implemented with low 
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wpply voJt^ tdchnolosiy and vary low wortdng currant wWch allows the use of an energy becla« etemant 
of aniall cflmenstons. 

A rectifier element Ptsp. 2 (1) la placed the voHaee and algnal Input from the OrieK^onnecflng wires, 
which nrifltoa it po8sB)ld to IgrKra the necesaaiy polarity of the alettonec drcuh at ttia moment of 
a connectton of the detonatDr to the Bne. 

A general peaa switch Rg. 2 (2) la ptaced Immedlatsiy afterwards, which la ciosed in the raat etvte and 
whose actuation, briefly evening the compiele drcitft, can be effected by the control ofrcult udng the 
relevant command. In tNa way the exptodar can oclmowladge the correct operation of the ayafeam, aa has 
been de$cilbed. 

70 TWO pass channels are connected Inwnadlataly after this wfth the aim of aeparadng the supply firem the 

signals which, In the form of near zero pulaea, are superposed on the feed. 

The feed current circulatse through a diode Rg. 2 (S) towards a new fbrtc fOmied by a ctablltzar Hg. 2 

(6) In series whh a rafsrence diode. In order to otytain a fbced vottaga, and a paaa gate Rg. 2 (4) towarda the 

accumuiatDr drcuft of the delonalion energy and of the controler droiit thereof. THa aecond channel is 
Iff inittafly closed; thia Is not the case with the firsts which suppllee the detonator ooittol olmuft, sa well as tfra 

pulse sepaistor dradt Rg. 2 (S). 

Aa It may be the case that the supply cftreult is provided with an energy badoip Rg. 2 (7) In order that 

thia be maintained during the preaenoe of the signal pulsee, the abovemantioned diode la neceaaary ao that 

this energy backup does not nullify aald pulsea. moreover (aiol R should bo autfldant to maimsdn adequate 
so supply to the whole electronic ckfcult during the nr^axlmum foreeeen delay time in a detonsior, even though 

its connection to the exploder has bean fntsmipted by the detonation of any other detonator of a muKlple 

chain. 

The detector drcult Rg. 2 (S) for the atgnals In the form of near zero pulses In the supply voltage 
converts theae Into poaitive pulaea of magnitude equal to the voltage fbced by the ractHler in serlea 
» prsvloueiy described, whatever may be the line supply voKage. 

The sec^d supply channel prevloush^ mentioned, wMch InMaliy remained inactive, opena the line 
supply route towards a new energy badcup Rg. 2 (B) as soon as the control circuit ghna the n^erit 
command fbr this. This energy bockup la necessary in order to effect dotonatlon by meena of setUngMrff Ito 
Igniter. The awHch la of the no-ratum type Rg. 2 with the aim of ensudng the oompiete draining of ihs 
30 energy bsckup on the Igniter* 

As regards the detonator contnd drcult It can be bmplemanted with a U8IC (User SpecHfo EntBgratod 
Circuit) drcult, or a microcontroller with butlt-ln memory or an ASIC (Apllcatlcn [do] Specific bttagrated 
drcuH) drcult Said drcult effacta the reception of data, analysing the reception of line aynchrontzatlons and 
oontlnuoudy verifying the valkllty of each bask: unit of Information, aa well aa of the Key code and of the 
OS oommenda received. 

Moreover, each datonator poaeeeses a unique direction code whk:h Identlfiee it unequtvocaOy from the 
remainder of the detonators oonnected in a single bleat 

The 'direction'' <a the detonator Is based on the recognltton of a bin^y code by the mleroproceaeor 
program. This co(to can be Included k\ a mlenoproo ea sor memory location. 
40 Tto exploder emits two types of messsges: those ttiat are Intended fbr the totality of the detonatore 
(e.g. "fire") and those that are directed el a specMo detonator {e.g. those In eearch of connected 
detonators). 

Theae latter are hea d ed by the code for the direction of the detonstor to wtiioh it la directed, tha 
m a saag e s being of tha type: 



STZ 



OIR 




dlrecrclve 



H control cOxaractera 
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These messages are jf^lcall/ transmitted by the line shared t^y the detmalare. VkAien these delect me 
eotfetenoe of a meseage, they place themselvee In listening mode m order to 'read** the direction: M It 
coincides wlih their orni. they respond to the spedflc command In the meesagOb «Dd tf it does not coincide, 
they ^oreit 

$ b> the wl^ detonator activation procedure, the gvldance fector intervenes esaen«al>y at the beGpiwIng. 

when the esqpioder Initiates the 'aeaioh" for connected detonatora In a correct operating state. 

The e»9>(oder showe, In aucoeaslon. the detcnslors that It contlnuee to "Rnd" oonn eo ad to the line. At 

the end, the numbsr of detonaiore "taund" should oolncide with the number of dstonatofe that wars 

manuaOy Inlroduoed Into the e)Cploder. 
to The following ia given by way of ilhietratlon and without any limltaiion being implied. 

Example 

Supposing It were necessary to effect the hlaating of several detonatore (5 unite) off the same interval 
79 no., ibr example na 17, and with dfffeient dliectlvee acoorefing to the eyetem which is the eubleot of the 
Invention. 

XX YY. 

AO Where XK represents the numtwr of time Intarvala to form the total temporlatfon of the firing. 
YY serves to distinguish between two detonators with the eame interval number. 
In the event that they am pnperfy ocnnected, the exploder would read and would find the following 
ptf re of numbers 

1701 
1702 

1703 •uppoalng that thm rank of tha clioflwi dixactivaa 
^ 1704 £xon 1 to 5 

1705 

Equally, several detonators of dlsHnet Urne Interval may be found In the exploder sweep. Let there be, 
as for examplQ^ 5 dotDnstors of interval no. 10, 11, 12, 13, 14. The dngle directive of theae detonators is. for 
example, no. 13. Ttie expioder would read 

1013 
1113 
40 1213 
1313 
1413 



48 Once the test opemtion ia effectsd and once the toy code Is IdentlRed, the operation of adiuatmsni of 
the individual delay Ume by means of the bitegrstion of pulses from the local low precision csdilslor during 
m of the 2" high pusdslon pulses rscsived from the exploder, m being a number predefined in the hybrid 
drcult by mesns of the ImplementatlQn of Junctions or breaks in n Ones, laid out for thia purpose and 
detaclsd by the control unit[sic] tt aleo Implementa, once the detonation command Is accepted, IStte 

so tempomolton procedura whidi ends with the detonation of the element, as has been described. 

TTte detonators addressed by the Invention have means of pnotsdlon agelnat undealred electric^ 
dlachargee. 

Theee means of protection consist in the use of relsyo Rg. 2 (10), In such a way that, normally, the 
reslsthfe element Fig. 2 (11) romalns ahor^drouited and possibly cortneded fnlg, a (12) to the mslal casing 
SB of the detonator. In thie way the rosisttve eiemsnt la protected lirom any eiecfrical dlstmbanoe that might 
provoke a chvice firing, dnoe these paraaitie voUagee And a pstfi of leaser Impedance. 

lids pratection disappears at detonator arming, by mesne of ecfhraOon of ttie relay, leaving the reaMve 
element ready for firing. 
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Clalfm 

1. A comWnod eloctiunic exploder detonator «y«tem, which coneirte (rf an analog Qeneratlon end supply 
eurrani oontroJ pert, and another digitBl amtroi circuit part, oonalsting of a mteroprooeasor, wKh bullHn 

8 memory wtilch directe the pmcedure. 

2. Operating procedure of the ayatam of CWm i , wMch la Implemenled aocording to the ttoltowfng etagee: 

la) IntTDc&ictlon of the acceaa code to the ayatom, 
2a) Teat of connection of the line of detonirtora* 
10 aa) Introducflon of the baaio delay imlt 

4e) Anntng or actuation of Hie detonatora 

5a) Detonathm If It prooeeda and the reoponae of the teat la poaMve, or dlaarming If the connection 
control eyaiam delecta a fault or a bad etBtua In any of the detonatora In the line. 

ra S. Syatan) and operating procedm according to Ctatma 1 and 2, in which the aupply cunenta exhibit two 
vottaga leveia* auch that the lower level la unable to InMate the Igniter or realaflve element thta being 
oonddarad aa the aafaty vottBoe. 

4 Syatam and operafing procedure acoordlng to Clalma 1. 2 a\6 3. In which the trial Btage or fasl 
20 ccnalats of a eweep of all the codified diracilvoa In each detonator, which are prade ft ne d and Joined via 
the mlcroprocesaor. unequivocally, to the dalay time of each detonator* 

& Syatam and operating procedure according to Clalma l, 2, 3 and 4^ In which the majdmian aaiaty of 
operation end handllrig la achieved, through the Inatailatton of aultably aHuated relaye, ao aa to laolato 
as the \gnltar or realaUve alemem of the detonaior untH the moment Immedlatoly prior to firing. 
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Defects in the images include but are not limited to the items checked: 

□ black BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SroES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: ' ' ■■ 

IMAGES ARE BEST AVAILABLE COPY. 
As rescaniimg these documents wiU not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



